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In  conc lus ion we may remark that  the cont r ibut ions
l5, ing at the base of the above method of determining the
effect lve local f ield in LC by experiment is evidently easier
to just i fy by using lmpurity spectroscopy of the LC, be-
cause in this case the local f ield acting on a molecule of
impurity ls created mainly by molecules of the matrix, in
which there is no transit ion to the given resonance fre-
quency.

The author  thanks L.  M.  B l inov and E.  M.  Aver ,yanov
for discussing the problem of the local f ield in l iquid crys-
ta ls.

l )Be low we g ive  re fe rences  on ly  to  rhe  la tes t  pubt ica t ions .
'Æxchange 

of the molecule by a dielectr ic el l ipcoi6ltr l5,6 in the
microscop ic  theory  i s  equ iva len t  to  a  mode l  o f  po in t  po la r izab i l i r y ,  s ince
[n  an  ex terna l  f ie td  such an  e l t ipso id  has  rhe  same d ipo le  moment  as  a
po in t  w i th  e f fec t i ve  po la r izab i t i t y  rensor .
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The author's investigate the topographical image in a scheme of dynamic diffraction of divergent x rays on rwo
perfect crystals with slightly disturbed orientation. They give a detailed analysis of the changes in the type of
interference bands of the anomalous pendell6sung effect and focusing of the radiation relative to a thick
crystal (l50pm) with the standard source-ftlm distance of 40 cm. It is shown that with a sufliciently large
angle of disorientation the diffraction pattern is two images of the first crystal, separated by the second crystal
only with slight distortion. All the features of the experimental topograms are in full agreement with the
theory of diffraction of spherical tryaves in two crystals. The experiment is numerically modeled on a
computer.

1 .  INTRODUCTION

In Refs. 1-8 i t  was shown that the possibi l i t ies of
standarci sectional topography can be broadened i f  we regis-
ter the diffraction pattern at a distance frotn the radiation
source. !n conditions with diffraction of a sphericai wave
by a perfect crystal with a definite value of. t/L, where t
is the thlckness of the crystal,  L is the source-f i lm dis-
tance, a new physical phenomenon arises - focusing of x-
radiat ion in a vacuum.l-{ The essence of this phenonûenon
is that the ctranges in the wave front moving in vacuum
and in the crystal are mutual ly compensated. Distort ion
of the wave front in vacuum also complicates the form of
the interference pattern in schemes using diffraction by
two cr.vstais, In such a scheme the effect oi sharp focus-
lnge takes place even in the case L = 0 with satisfaction

of the condit iorr i1 =t2, where i ,  and t,  are the thicknessd',1:
the f irst and second crystals, respectively. In Refs. Ê8.]. i ,
the scheme of Ciffract ion by two crystals was analyzed ln.;

the more general case L ;É 0. ' f f i th ideal adjustment nf t t l ; ,

crystals. three of the four wave f ields arising in these l . i
conditions are focuseci with various relations betweeû tlfli

t ,  and L. Experimental ly i t  is easy to real ize the case 03, .

ideal adjustment if both crystals are cut from one blocl!.:
a perfect single crystal.rio 1yi1[ two crystals in geneill 

:'

a new possibility arises fcr investigation in conditlons d.' u
nonideal adjustment of the crystals. On experimental .  

'

topograms there then arises a complex pattern reOuiri{ ,
careful analysis. In the case of weak disorientat ion of Ë;

crystals this problera was arrâlyzêd ln Refs. E, 10, 
".iI*

This article is devoted to theoretical and experitrté'
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FIG. 1.  Scheme of  exper imenr.  S)
Source; C1) first crysral; Cr) second
crystal; F) phorographic fitm.

tal investigation of the diffraction of a spheriôal wave in
the general case of arbitrary disorientat ion and arbitrary
rat ios between t1, to. and L. In Sec. 2 we describe the ex-
perimental scheme and give experimental topograms. In
Sec. 3 we give a theoretical interpretation of the results
on a basis of model calculations made in the framework of
the theory developed in Ref. 6. The theoretical topograms
excellently reprclduce all the details of the experimental
topograms, in part icular the bands of the anomalous
pendellôsung effect.a

2, EXPERII\{ENTA L

The scheme of the experiment is shown in Fig. 1.
Radiat ion from a Microf lex microfocus x-ray generator
made by the f irm Rigaku Denki with a focus measuring not
more than 10 prm fal ls direct ly on the f irst crystal,  cut in
the form of a wedge with the weCge angle in a plane per-
pendicular to the scattering plane. The sl i t ,  f ixed in front
of  the f i rs t  c rys ta l ,  has a  wid ih  o f  more than 100 pm,  and,
in contrast with the usual sectional topography, serves
oniy to separate the spectral l ine Au Lo with wavelength
t r  =  1 .276 Â.  f f re  second crysta l  is  a lso wedge-shaped,
but the wedge angle  is  smal l  (about  2" )  and l ies  in  thep lane
of scattering. Therefore in the vert ical direct ion i t  is

. plane, and the changes in i ts th ickness over the rvidth cf
the x-ra5r beam can be neglected. The use of wedge-
shaped crystals enables us to fair ly simply investigate the
diffract ion of x rays in thin crystals, using tLre thin part
of the wedge.

a '

I  .  . .  "n" 
parameters of the experimental scheme had the

i  
: o l l ow ing  va lues :  L l  =  10 ,  L2  =  20 ,  L3  =  1cm.  I nves t i ga -

I  
t , * .  were rnade both on ident ica l  c rys ta ls  {Ge or  S i )  and

1 
rn  d i f ferent 'c rys ta ls  ( f i rs t  Ge,  second Si ) .  pre l iminary

1 
adjustment was made by means of the integral ref lect ion

I : ,h 
the aid of a counter.,  af ler rvhich a topogram wâs

| 
<Ken.r/ The exposure t ime rvas from a few tens of

;  
r inutes to  severa l  hours .  F igure 2  shows typ ica l  topo-

I  l t r . .  for  two ident ica l  Ge crysta ls  us ing the 111 re f lec-

|  : ' , : .  We cons idered beams re f lec ted in  the f i rs t  c rys ta l

;  
: rd  t ransmi t ted (T)  or  re f lec ted (R)  in  the second crySal

|  
{ -u  t tm th ick .  S ince the secon,J  cr .ys ta i  rvas p lane,  the d i f -

|  . ' - 'ence cf the dif fract ion patterns on the topogram is not

I  l ^ .1r .  In  both cases the pat tern is  double :  On the r ighL

|  . ; , .1o.s ide we see the bands of  the anomalous pendel lôsung

| : t .r ," corresponding to relat ively long path cf the rays

|  *u t "uu- ,  and on the le fLhand s ide on the other  hard the

|  
" "ugu l t roadens f rom top to  bot tom as i f  the focus were

I
I
I  

t "  
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FIG. 2. Experimental topograrn s in

the  case o f  two d isor len ted  c rys ta ts  o f

g e r m a n i u m .  V h  È  1 0 ' ,  1 1 1  r e f t e c t i o n

rad ia t ionAlLs  ( I  =  1 .2?6 .Â ;  R)
doub ly  re i lec ted  beam;  T)  beam re-

f tec ted  by  f i rs t  c rys ta t  and t ransmi r ted

by  the  second (c f .  F ig .  i ) .

above. Moreover, whereas on the R topogram the two im-
ages practical ly coalesce, on the T topogram they ar.e dis_
tinct ly separated by a bright band. One also notes the
asyrnmetry of the lefLhand image on the R topogram. As
i t  turned out ,  a l l  these features are wel l  descr ibed in  the
framework of the theory in Ref. 6, dlscussed in more de-
tai l  in the next section.

3 .  THEORY

For simplici ty we shal l  confine ourselves to the case
of two identical crystals. USing the integral representa-
t ion of an incident spherical wave and considering the prop
agation of part ial  plane waves in two crystals taking ac-
count  o f  the i r  phase changes in  the vacuum, in  Ref .  6  we
obtained an expression for the spatial dependence of the in-
tensity of radiat ion in the plane of the topogram in the
f,orm of a single integral

I  
" ( r )  

: I  G""  ( r )  l ' ,
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I
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(2 )G"" (') : I i + ,,r'(q) erp (i qr*iç,,," (q) ),- r 2 n

t )  - æ

where À is  the wavelength o f  the rad ia t ion,  2d is  the Ci_
mension of  the focus of  the x- ray tube,  L  = Lr  +  L ,  +  L ,
(see I - ig .  1) ,  the index s  determines the s ta te  o f  po lar iza-
t ion o f  the rad ia t ion ( r  or  o) ,  and the ind ices j  anc i  j '  num-
ber  the zones of  the d ispers ion sur face (DS)  in  the f i rs t
and second crysta is .  The phase ,p l ,  (q)  is  equal  ( for  s im_'  l l '
pl ici ty below we omit obvio1rs indices) to
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q(q):roq -ff0'+$ Q,B,(t)t,*2,,8"101r,), (3)

where

A " ( q )  : ( 1 * y ^ ' ( 9 ) ) ' h ,  n : 1 ,  2 ,

and the amptitude 
f: l t tol  

takes the form

l k ) :R l "  @A; ; ' (q ) " *p (

where

. . ( , ) r_r  _ rn _ l  l_r . ld  cs IVt \8) :  *r o"L . 
) . io B^el J (6)

is the interference coeff icient of the absorption, and

Rj" (q) - --1- , A;',1
z D t \ Q )

is the scattering ampli tude of the dif fracted waves, where
H = R for the ref lected and H = T for the transmitted beam
in the second (plane) crystal.

The parameters of deviat ion from the Bragg
yn(q)  in  each of  the crys ta ls  are

Vr :Â (q *go ) ,  Y r :Â ( -q *go ) ,

where the angle of disorientat ion of the crvstals
in the theory via the parameters

t1o :ngn /L ,  xo : -  I t f ^

with the condition that L, = Lt * Ia (condition of
matic focusing). The rest of the notat ion is the
Re f .  6 ,  € .9 . ,

,n _ 2" s i l l  20g ( I0)
Zn ly., , , lCr'

u 'here C"  is  the po lar izat ion fac tor ,0g is  the Bragg angle ,
and X = Xr  *  iX ,  is  the po lar izab i l i ty  o f  the crys ta l .

With values of the parameters corresponding to typi-
cal experimental condit ions, the integral in (2) can be esti-
mated with fair accuracy by the stat ionary phase method.l l
In contrast with Ref. 6, here we are interested in the case
in which 4,h * 0. Then

. r 's  f t  /  t  \n  
L  t , î "  (a)  exp( iqu* ig i i ' s (q) )t - , ! / , : + \ 4 _ l  
a .  K , r r ( q )

angle of disorientat ion is suff iciently large. Then ths cen.
t ra l  par t  o f  the DS of  the f i rs t  er5 ,56"1 (yr  = ,0) .sor respondg
to the ta i l  o f  the DS of  the second c i1 's ta l  ( l l ' r l t r  l ) ,  and
conversely, rvhen !z = 0, then l1'r I  r t  t .  Let us consider
the  f i r s t  case  i n  wh i ch  q  - -Qe  +  Aq  and  lAq l i s  sma l l .  p * -
panding in a power series in terms of Âq, we obtain the
approximation

r:zi,  sign (rfn) sin Ont, ({+ (Zd,q,)-21-' t ,
|  ?"L |  2,,r,_\ l  (1{+tqL2n  -s inosÂ\z1r r  +87 f , r ,1  , t .

According to Eq. (14) the angular region coresponding tc
the exact Bragg posit ion of the f irst (wedge-shaped) crJ,s_
tal,  on account of scattering in the second crystal,  giveg
two dif ferent images, which with a large angle of disorien-
tat ion { '6 are displaced one relat ive to the other by a dis_
tance of order 2 sin ggtr.  The scattering in the second
crystal is kinematic in character; therefore the intensitr
of the ref lected beam is relat ively lorv, but approximatel i .
the same in both images, while the i""ensity of the trans-
mitted beam is dif ferent owing to the dif ferent ampli tudes
of passage corresponding to dif ferent zones of DS of the
second crysta l .

From (14) i t  !s also eas.v to delermine the thiclaiess
of the f irst crystal which corresponds to focusirg of the
radiat ion. For this i t  is necessary that the coeff icient of
Aq shal l  be zero.  As before,  we shal l  mark the rvave
f ie lds  by the le t ters  A 0 = 2)  and B 0 = 1) .  For  the most
interesting BA f ield we have

[  ' *  ( r " * * ^ ) ' ] .
:  15* f f /3 . ( i  5)

The f i rs t  term of  th is  express ion is  equal  to  rhe c iepth o f
focus ing of  the f i rs t  c rys ta l  necessary  for  cornpensat ionof
the phase change of  the wave moving in  a  vac i rum.4 The
second term increases the depth o f  focus ing,  i .e . ,  i t  p lays
in fact the same role as the vacuum, but the degree of in-
crease depends on the angle  o f  d isor ienta t ion.  S ince the
AA and BA f ields give images in one place on the topogran
their interference also leads to a large number of bands
of the anomalous pendellôsung effect even ivith a relative-
ly short source-f i lm distance, which can be seen in the
righLhand part of the experimental topogram [Fig. 2).
Thus in the experiment rl,5 < 0.

Focusing of the BB f iet, l  occurs at a thickness tr;BB =
tg- Kt2, but the image is on the left .  I t  is interesting that
wiih increase of the angie of disorientat ion {6 the thick-
nesses of the f irst cr:ysta! corresponding to fôcusing of tbe
BA and BB f ields converge, but the image i tself  spatial ly
increasingly diverges. In a scheme with a small  value of
L focusing of the AB f ietd is possihle with a thickness
trdB =. Kt:- tS, but in this case the focus rapidly becomss
negative with r ise i fr  {n.

Clear information on the contr ibutions of various
fie!.ds to the formation of the image can be obtained by a
very simpie means i f  n'e draw on the plane of the pararn-
eters (x, t1), correspcnci ing to the topogram from a rvedg€-
shaped crystal,  the l ines x(t1) bV mealls of (12) for given
values of the experimental pararneters L, t ,  and values oi
the angular parameter Aq = e+ Qo = y/L at constant inter-
vals. Figure 3 shows diagrarns of this type for ihe case
of two Ge crystals, 111 ref lect ion, Au Lo radiat ion, L =

40 cm, and t,  = 100 i ,m (-which corresponds to the experi-

(4)

- 
|  G| (q)t,+p\?' (q) r.)  )  ,  (s)

[ - = = " t r  .  I I : n
(e ): |  ^'T' 'o' 

'  
. ,

i+( ft",ffi), u:,,,,

In  express ion (11)  the sum is  taken over  those va lues of
q which satisfy the equation

condition

(8 )

*6 occurs

(e)

polychro-
s a m e  a s  i n

( 1 1 )

(L2)

l r r ' A :  
' ' L  

*
" 2xt\sin 0n

î:-ro * I*q*sin s" ( - #8t, + 
# 

t,\,

and the denominator is equal to

K,,"k):(b#)'':[ _nJ"
(13  )

I  i " L ,  .  ^  . l  z ; t t  z : . t ,  \ l r ': t -  
2 n +  s i n o n Â \  

r , , ( r )  *  
u V @  ) l

Equations (1)- (13) enable us to calculate the topogram for
various valuds of the disorientat ion angle p6.

Before the results of the numerical calculation, let us
consider f irst the quali tat ively simple case in which the
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FIG. 3.  Diagrams showing "angular  densi ty '  of  decomposl t ion of  spher ical

$ave on topoSlam for wave fields of types AA (a)' AB (b), BA (c), anC BB

( d ) .

mental topograms in Fig. 2). The angle of disorientat ion

is r/ ,h =- 0.05 mrad (approximately 10 arcsec). Since the

l ines correspond to changes in the ângular parameter at

equal intervals (the value is given at the top of the diagram),

convergence of the l ines corresponds to optical increase
in intensity, and divergence to a decrease (scattering).

Therefore topograms of this type show the angular density

of separation of a spherical wave in various parts of the
topogram. On them we clearly see regions of focusing,
caustics, superposit ion of two angular regions in one
place, etc. They are very useful in planning an experi-
ment, because they enable us to quickly and simply deter-
mine the main characterist ics of the image for part icular
condit ions.

To obtain the ful l  pattern of interference of the f ields
i l  is  necessary  to  car ry  out  a  numer ica l  ca lcu la t ion on a
computer  by means of  Eqs.  (1) - (13) .  The resu l ts  o f  the
ca lcu la t ion for  the s ta ted va lues of  the parameters  are
sholn  in  F ig .  4 .  The ca lcu la t ion was made for  o-po-
lar ized rad ia t ion wi th  the a im of  e luc idat ing the maximai ly
sharp pat tern o f  in ter ference bands.  Compar ison of  F igs.
2 and 4 shows that the main features of the experimentai
topograms are excel ler ' t ly rçroduced in the calculated
ones. Note the dif ference of the T and R topograms for
large va lues of  t , .  The cent ra l  b lack band on the R topo-
gfam corresponds to  a  br ighter  asyrnmetr ic  band on the
T topogram

This band is formed mainly'  by the BB f ield; i ts lefL
\and s ide cor responds to  large pos i t ive  va lues of  Aq (see
Fis .  g) .  In  th is  reg ion yz < 0  and |yz l  t t  i .  Therefore,
accord ing to  (?) ,  for  the BB f ie lC the t ransmi t ted ampl i tude
in  the seconi  c rys ta l  is  much less than the re f lec ted
l rnp l i tude.  In  genera l  the cent ra l  par t  o f  the T topogram
cofresponds to  f ie lds  which are " lorb iddent '  in  the k ine-
ia t ic  approx i rnat ion in  the sense that  the d i rect ion o f  the
current  o f  energy in  the second crybta l  for  these zones
I f fers  by 20g f rom the c l i rec t ion o f  the inc ic ient  beam.
ronve rse l y ,  t he  edge  o f  t he ' f  t opog ram i s  we l l  t r ans fe r red
i ) ' the second crvsta l  in  pract ica l ly  a  d i f f rac t ion- f ree
rrgi rp1s.2)

In  sum \À 'e  can draw the conc lus ion that  the scheme of
: : (per i rnent  

wi th  two s t ight ly  r i isor iented cr js ta ls ,  whi le
Dfeserv ing a l l  the ac lvantages of  a  scheme wi th  one crys-
!1"  i .ê . ,  focus ing and an anomalous type of  in ter ference

ô29 
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FIG.  4 .  Ca lcu la ted

T R

topograms fo r  case cor respond ing  to  F ig .  2 .

bands,  is  in  some cases more convenient  for  invest igat ing
the defect  s t ructure o f  the f i rs t  c rys ta l ,  because there ap-
pears  the addi t iona l  poss ib i l i ty  o f  cont ro l l ing the param-
eters  o f  the exper imenta l  scheme,  for  example,  changing
the depth of focus of the f irst crystal by changing the angle
of disorientat ion.

Note a lso that  in  some cases focus ing of  the rad ia t ion
on the photographic  p la te  is  accompanied by focus ing of  the
rad ia t ion in  the crysta ls .  Th is  fo l lo rvs  f romthe equat ion
f i rs t  der ived in  Ref .  1 ,  l ink ing the th ickness t  o f  the crys-
ta l  to  the source- f i lm d is tance L.  I f  ins tead of  L ,  in  th is
exp ress ion  we  pu t  L1 ,  t he  sou rce -c r ys ta l  d i s tance ,  t hen
we obta in  the depth o f  the crys ta l  z  = tL t /L  <  t  a t  i ' , 'h ich is
focused the rad ia t ion in  the crysta l .  In  Ref .  1  th is  prop-
er ty  o f  the focus ing rvas not  d iscussec i ,  and in  Ref .  12 i t
was obtained independently by a dif ferent method. In our
case the depth o f  the crys ta l  a t  which the rad ia t ion is
focused can a lso be obta ined f rom Eq.  (1a) .  Thus for  the

BA f ield, replacing L by L, and putt ing tz - 0, we obtain
the depth z = tgLr/ L .  tS of focusing of the BA f ield in the
f i r s t  c r ys ta l .

Accord ing to  (15) ,  focus ing in  the second crysta l  takes
place i f  z  =  ( t t  -  tS) /K < t2 .  We must  a lso remember  that
in  the case of  po lychromat ic  rad ia t ion th is  focus ing is  not
actua l ly  rea l ized,  s ince the po in ts  o f  focus ing for  d i f ferent
f requerrc ies are "b lur red"  over  the cr - r rs ia i .  T i rcy  can be
observed on ly  rv i th  monochromat ic  rad ia t ion. l3  When the
character is t ic  rad ia t ion o f  x - ray tubes is  used,  t i re  focus-
i r rg  can actua l ly  be observed on ly  in  vacuum wi th  sat is fac-
t ion o f  the conc l i t ion o f  po lychromat ic  focus ing s imul tane-
ous l -v  rv i th  the condi t ion o f  d i f f rac t ion focus ing.

The above resu l ts  a lso shorv  the ef fec t iveness of  the
scheme of  ca lcu la t ion descr ibed above for  numer ica l
rnot le l ing o f  exper i iner ' t .  Th is  scheme can be used a lsc  in
more complex s i tuat ions o f  s lorv ly  changing f ie lds  o f  de-
fo rma t i on  i n  t hc  çpys ta l .

Ar is tov  e t  a l .

- 6  n
A d  -._]

-t.EY| 2,0 4.0 0.0-r.T"tr
- (0 -?0 0. z0 40 t,

tl0

E

50

t00

I

6 2 9



t ) ln  the  exper imcnt  the  d isor ien tar ionwas f i rs t  es tab l i shed by  r i l r ing  the  æc-

ond crystal from the exact Bragg posit lon, the reading being taken from the
d i a t o f  t h e  g o n i o m c t e r  ( s c a l e  d i v i s i o n  i " ) .  T h e  a c c u r a c y  o f  r h i s  s e r r i n g  w a s

v.eri f led from the spl i t t ing of the inrages on the topograms.
' /Note  ùa t  in  the  cæe o f  d i f fe ren t  c rys ta ls  rhe  par te rn  shou ld  no t  d i f fe r  in
pr inc ip les  f rom tha t  fo r  iden t ica l  c rysra ls ,  bu !  nonmonochromat ic i t y  o f  the
radiat lon does not al low us to observe the f ine strucrure of the image in t t ie
proposcd exper imenta lscheme i f  the  Bragg ang les  o f  rhe  f i rs t  and second
crysta ls dif fer wide ly.6
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Three-crystal x-ray spectra of crystals wifh disturbed surface layer
in slipping Bragg-Laue geometry
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The authors investigate the possibilities of three-crystal x-ray diffractometry in slipping Bragg-Laue geometry
for analysis of the structural perfect ion of the boundaries. From the example of a single crl ,stal of Si
implanted with I  +, they demonstrate the high sensit ivi ty of the method in the study of disturbed layers I G- I
nm th ick .

Three-crystal x-ray dif fractometry (TXD) is an infor_
mative nondestructive rr,ethoi i  of investigating the real
structures of crystals. The method is based on an ânal_
ysis of the angular distribution of the intensity of x-rays
reflected by the test crystal,  as a result of which there ap-
pears the pcssibility of separate measurement of the in-
tensity of dynamic and diffuse componerrts of the full scaL
tering.t-4

The dynamic component is related to the pure Bragg
refleci ion from ihe specimen, but the dif fuse component is
due mainly t'o scattering by fields of displacerne'ts of taL
tice defects. Investigation of each of the components of
flll scattering gives its own information on the crystal.
At present there is a very urgent problem of investigating
the structures of the surface and transition layers of high-
ly perfect, practically defecLfree crysials before an<i after
various technological procedures. Investigations of this
klnd are possible ln the study of the dynamic component
of radlation reflected from the crystal.F?

Recentiys-10 there has been real ized a three-crystal
scheme of ciiffraetion of x rays in siipping Bragg- Laue
geometry. The test crystal. has a small bevel angle 9 =
4o, and diffractive scattering in it occurs from crystal_
lographlc planes almost perpendicular to the entry surface.
The radlation reflected from the crystal is analyzed, as
ln the usua! scheme, r'rith the aid of a third cr1,stal, vrNch
ncskcs it pcscible to rneasure with gccd angular resolu-

tion the distribution of the intensity of rays diffracted
f romthe test  c rys ta l .  In  the s l ipp ing Bragg-Laue geom_
stry one can effect angular scanning both u,ith respec., to
the Bragg angieA0 l"paral lel" scanning)6'3 and with respect
to the angle of emergence of the diffracted rays ô1 (iper-
pendicular" scanning). In the latter case the analyzer crre
tal 'carr be replaced by a scanning detector with a sl i t . lo

As in the usual scheme of TXD, in sLipping Bragg-
Laue geometry in general we observe three peaks in the
spect ra :  pr inc lpa l ,  pseudo,  and d i f fuse.  In  Refs .  g_10
there were establ ished the main laws of formation of peals
in the case of ideal crysials - ihe principal and pseudo.
Thus the intensity of the principal peak is givên by the fol-
lowing s imple express ion:

/ , , ( ^ o )  :  . T t "  7
'  
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where Xp is a Fourier componeni of the polarizabi l i ty teD-
sor, ôo is the glancing angle of incidence of the x rays cn
the crvstal

o^:to^*-,
Ooo:Or(o :o l :  (Do- r l ' ,

q.:-2 sin 20g 40,

ô:O,,-(D.,0,

tOl
( r '

(3i

{dr

(5'

630 i
I

I

ô30 Sov. Phys.  crYstEl loçr .  31(6).  Nov. 'Dec.  1 986 0038-5638/06/86 O630.03 s03.90 O I  9g7 American lnsr i rut€ of  physics


